in order to provide baseline information for the Beaufort Sea's poorly characterized zooplankton communities. Mean holozooplankton abundance and biomass across the survey years ranged from 1110 to 3380 ind. m −3 and 23.8 to 76.9 mg DW m −3 , respectively. The zooplankton community was predominantly Arctic in faunal character during all surveys, although Pacific and Atlantic expatriates were observed. The community was dominated by Calanus glacialis, Calanus hyperboreus, Metridia longa, Oithona similis, Triconia borealis, Microcalanus pygmaeus, and the Pseudocalanus species complex; this group composed 44-81% of abundance and 52-71% of biomass across survey years. Despite the dominance of these taxa, seven distinct faunal groups were identified. These faunal groups reflect a transition from neritic to oceanic communities and the influence of more localized hydrographic features, such as Pacific-origin Alaska Coastal Water and Mackenzie River-derived Water. Community structure was most strongly related to temperature and salinity averaged over the upper 200 m, suggesting that future changes in the physical environment will be manifested by concurrent shifts in the distribution of Beaufort Sea zooplankton communities.
I N T R O D U C T I O N
Zooplankton are important trophic intermediaries in marine systems; in the Beaufort Sea, zooplankton communities connect the highly seasonal pulse of primary production to upper trophic levels, such as fish and marine mammals, that are of cultural and ecological significance (Lowry et al., 2004; Walkusz et al., 2011) . It is well-established that the Arctic Ocean is undergoing changes in sea ice cover, temperature and carbonate mineral saturation states (Serreze et al., 2007; Bates et al., 2009 Bates et al., , 2013 Stroeve et al., 2012) ; it is less certain how Arctic marine zooplankton communities will respond to these changes. Zooplankton will likely be among the first responders to climate change due to their poikilothermic nature and relatively short lifespans (Hays et al., 2005; Richardson, 2008) . The paucity of consistent baseline data for many Arctic ecosystems is one of the main challenges of quantifying and documenting zooplankton community response to industrial development and climate change (e.g. Wassmann et al., 2011; Ershova et al., 2015b) ; therefore, it is critical to monitor its biological communities.
Early efforts to characterize the physical oceanography and zooplankton communities of the Beaufort Sea by the USS Burton Island cruises (Johnson, 1956) focused mostly from the shelfbreak into the Canada Basin. The Western Beaufort Sea Ecological Cruise (WEBSEC) program in the 1970s (Hufford et al., 1974; McConnell, 1977; Hopcroft et al., 2012) and the Outer Continental Shelf Environmental Assessment Program (OCSEAP) (Horner, 1978 (Horner, , 1979 (Horner, , 1980 provided better spatial coverage of the Alaskan Beaufort shelf; however, the coarse mesh (≥333 µm) used in these programs resulted in a bias toward larger-bodied taxa while completely excluding small-bodied and numerically dominant taxa. Most data from OCSEAP do not provide species-level taxonomic resolution; rather, organisms were grouped into broad taxonomic categories, thus rendering its data of limited use. Similarly, the Canadian Beaufort has been sporadically studied (Grainger, 1965; Grainger and Grohe, 1975; Mohammed and Grainger, 1974; Hopky et al., 1994a,b,c) with similar issues of gear biases, inadequate taxonomic resolution of key groups, and limited spatial coverage that preclude rigorous comparisons between many datasets. These efforts provide important historical perspective, yet highlight the paucity of consistent baseline ecological data for zooplankton communities of the Beaufort Sea. More recent efforts in the Alaskan Beaufort Sea have focused on the oceanographically complex area around Barrow Canyon (e.g. Lane et al. 2008; Ashjian et al., 2010) , while Canadian efforts include the 2002 R/V Mirai cruise in the Chukchi and Beaufort Seas, the CCGS Nahidik cruises (Walkusz et al., 2010 (Walkusz et al., , 2012 (Walkusz et al., , 2013 , the Canadian Arctic Shelf Exchange Study (CASES) (Darnis et al., 2008) , and the Beaufort Regional Environmental Assessment (BREA). As a result, a large contemporary data gap exists for much of the central and eastern Alaskan Beaufort Sea.
In the Pacific-Arctic, zooplankton communities are strongly associated with water masses and their underlying hydrographic properties (e.g. Darnis et al., 2008; Lane et al., 2008; Hopcroft et al., 2010; Ershova et al., 2015a) . Therefore, understanding zooplankton assemblages and their hydrographic associations is critical as we study the rapidly changing Arctic, particularly if we are to understand biological shifts that are likely to be associated with environmental change. This study contributes to a multi-year and multi-disciplinary effort to characterize both the physical and biological oceanography of the Beaufort Sea, and serves as a spatially comprehensive assessment of contemporary epipelagic zooplankton communities in the Alaskan Beaufort Sea which may be used to gauge future change.
M E T H O D Study region
The Beaufort Sea is a seasonally ice-covered interior shelf sea of the Arctic Ocean. The Alaskan Beaufort is bounded on the west by Barrow Canyon, where the shelf is relatively narrow (~80 km), and in the east by Mackenzie Canyon, where it widens slightly in Canadian waters. Near-shore and surface waters of the Beaufort Sea are profoundly influenced by seasonally variable freshwater input, both in the Alaskan and Canadian sectors. The Canadian sector is dominated by the Mackenzie River (Dunton et al., 2006) , whose discharge is~308 km 3 yr −1 at the mouth (Millot et al., 2003) , with a plume that can extend over large portions of the Alaskan and Canadian sectors of the Beaufort shelf and slope depending on physical forcing Dunton et al., 2006; MacDonald et al., 1989) . By comparison, the Colville River and the Sagavanirktok River are the two largest rivers draining into the Beaufort Sea from Alaska's North Slope and discharge~15 km 3 yr −1 and 2 km 3 yr −1 , respectively (Arnborg et al., 1967; Rember and Trefry, 2004) . Together, sea ice meltwater and riverine input can create highly freshened conditions in surface waters of the Beaufort shelf during summer months Dunton et al., 2006) . These buoyant and fresh waters form a thin (~5-10 m) lens atop the Polar Mixed Layer (PML), which itself extends to~50 m.
Pacific-influenced waters east of Barrow Canyon form a seasonally variable jet (the Beaufort Shelf-Break Jet or BSJ) flowing eastward along the Beaufort shelfbreak. In summer months this jet is surface intensified and carries buoyant Alaska Coastal Water (ACW), while in spring and winter months transformed winter water is transported in a subsurface jet (Pickart et al., 2005; Nikolopoulos et al., 2009) . ACW is seasonally variable and is generally characterized by warm (0-10°C) and freshened (<32) water (Codispoti et al., 2005) . Crossshelf exchange is common in the Beaufort Sea and can exert a strong structuring force on biological communities. Mesoscale eddies can carry shelf waters and biota into the basin (Llinas et al., 2009) , and winds produced by variations in the Beaufort High, as well as storms generated by the Aleutian Low, can cause reversal of the BSJ, resulting in upwelling events. During upwelling events, slope waters from intermediate depths (i.e. Arctic Halocline Water (AHW) and Atlantic Water (AW)) can move onto the Beaufort shelf, transporting nutrients and biota from depth (Pickart et al., , 2011 Mathis et al., 2012) . The hydrographic characteristics and relative influence of freshened surface waters, the PML, deeper intermediate waters, and waters of Pacific-origin subsequently shape the composition and distribution of Beaufort Sea zooplankton communities.
Sample collection and processing
Data were collected during four field seasons during August and September of 2010-2014 (Table I ). Due to differences in station locations between surveys, we present zooplankton community structure and species composition relative to environment and hydrography, rather than in terms of inter-annual differences. Oceanographic data were sampled along cross-shelf transects at stations ranging from 20 m to 1000 m in depth from Point Barrow, AK to the Mackenzie River. Here we focus on observations from the epipelagic realm (0-200 m). Physical oceanographic data were collected with a Seabird SBE25 CTD ( ) or SBE911+ (2014 and averaged into 1 m vertical intervals. Chlorophyll-a and macronutrient samples were collected with a 6 Niskin bottle SBE-55 (2010 SBE-55 ( -2013 or SBE 32SC (2014) rosette attached to the CTD. Chlorophyll-a and macronutrient samples were collected at 10 m intervals in the upper 50 m of the water column. When stations were shallower than 50 m, the deepest water sample was collected approximately three meters from the sea floor. Water for chlorophyll-a analysis was filtered under low pressure onto Whatman GF/F filters (2010) (2011) (2012) or Whatman GF/F and 20 µm polycarbonate filters for size fractionation of cells (2013) (2014) and then frozen at −40°C for post-cruise fluorometric analysis following Parsons et al. (1984) . Nutrient samples were filtered with 0.45 µm cellulose acetate filters and frozen immediately at −40°C for post-cruise analysis following the methods of Gordon et al. (1993) . Smaller zooplankton were collected with a vertically-hauled paired 60-cm diameter twin-ring net fitted with 150-µm mesh (aperture: 0. ) was used at stations greater than 50 m depth to collect vertically-stratified samples (0-50, 50-100, 100-200 m). Larger, more mobile zooplankton were targeted with a paired 60-cm Bongo net fitted with 505-µm mesh hauled obliquely at approximately two knots. During the 2012-2014 field seasons fragile gelatinous organisms captured in the 505-µm net were sorted, identified, and measured on a light table prior to preservation. All nets were fitted with annually calibrated General Oceanics flowmeters to estimate volume of water filtered. Samples were preserved in 5% buffered formalin and returned to the laboratory for processing.
During laboratory processing, entire samples were scanned for large and rare organisms, which were subsequently identified and measured. The sample was then split using a Folsom splitter until the final split contained 100 individuals of the most abundant taxa. Organisms were identified, enumerated, measured, and staged when appropriate to determine species composition, abundance, and biomass. Increasingly larger splits were examined for larger and less abundant taxa. Measurements were completed using the ZoopBiom system and software (Roff and Hopcroft, 1986) . The weight of measured animals was predicted from species-specific length-weight relationships or from relationships of morphologically similar species (Questel et al., 2013) . Typically, 400-600 animals were measured within each sample. Organisms were identified to lowest taxonomic level possible, usually species. Data from stratified samples were integrated to produce a single stratum over the upper 200 m for these analyses. Hereafter, "Arctic guild" refers to Calanus hyperboreus, C. glacialis, Metridia longa, Oithona similis, Triconia borealis, Microcalanus pygmaeus, and Pseudocalanus spp. Although some of these taxa are present outside of the Arctic, this group of copepods has long been recognized as dominant in surface waters of the Arctic (Grainger, 1965) .
Statistical analyses
Here we present community-level analysis of the zooplankton captured in the 150-µm net; however, we also report larger-bodied taxa such as euphausiids and amphipods, and gelatinous organisms better captured by the 505-µm net in the taxa list (Supplemental Table S1 ). Community analyses were performed separately for both abundance and biomass using fourth root-transformed data from the 150-µm net pooled across all years. Community similarity was assessed using the Bray-Curtis similarity index (Bray and Curtis, 1957) and community structure was explored with hierarchical agglomerative cluster analysis and nonparametric Multi-Dimensional Scaling (nMDS) using PRIMER (v6) (Clarke and Warwick, 2010) . Faunal clusters were identified using overall similarity (~60-65%) and the SIMPROF routine (significance at α = 0.05). Indicator taxa for each faunal grouping identified using the Indicator Value (IndVal) routine (Dufrene and Legendre, 1997) in R. Indicator Value analysis identifies indicator species based on both specificity and fidelity to a given grouping; thus the Indicator Value for a given species is maximized (1.0) when all individuals of a species are observed exclusively in one group and the species is found at all sites within that group. Significance of Indicator Values was assessed with Monte Carlo randomization using 10 000 permutations. We related the observed biological community patterns to a suite of explanatory environmental variables using Primer's BEST bio-env routine (Clarke and Warwick, 2010) .
R E S U L T S Hydrography
Several water types characterized the study region during our surveys: ACW, Mackenzie River-derived Water (MRW), the PML, and AHW ( Fig. 1 ). ACW occurred in 2011 in the western Beaufort and was characterized by temperatures~6°C and salinity~30. MRW was most prominent in the 2013 survey in the form of a thin and freshened (salinity~15) lens that extended over much of the survey area. The PML refers to the upper 50 m of the water column that is relatively well mixed in summer months. Finally, AHW was encountered primarily at stations beyond the shelfbreak and onto the slope where sample depth exceeded~50 m and was characterized by temperatures ≤−1°C. We acknowledge that this is a simplification of the highly complex physical conditions encountered in the Beaufort Sea; however, it is sufficient for our purposes of viewing the zooplankton community within the context of the physical environment and gross hydrographic features.
Surface nitrate was generally depleted throughout the study region during all surveys, while phosphate and silicate were typically low but non-limiting. Higher nitrate and phosphate concentrations were observed most frequently with increasing depth during all surveys, except 2010 when phosphate concentration was unrelated to depth. In 2013 we observed elevated silicate levels in surface waters of the study region, with highest concentrations at stations closest to the mouth of the Mackenzie River. Chlorophyll-a concentration was also generally low (always <2.5, and typically <0.5 mg m ) throughout the region in all surveys, and similarly, peak concentrations were observed in subsurface waters (30-40 m). Depletion of both nutrients and chlorophyll-a indicates that all sampling periods occurred after the summer phytoplankton bloom. Nutrient data were not available for the 2011 field season, nor were complete chlorophylla or fluorescence datasets.
Zooplankton general patterns and the Arctic guild
We observed 107 taxonomic categories during the five field seasons in the two mesh sizes (Supplemental Table SI ). Copepods exhibited the highest species richness (39 species), followed by the cnidarians (16 species) and amphipods (14 species). We also observed 5 euphausiid, 4 ctenophore, 3 chaetognath, 2 cladoceran, 2 pteropod, and 3 mysid species. Numerous meroplanktonic taxa were observed; abundances were highest in the western Beaufort and in the near-shore vicinity of the Mackenzie River, where the meroplankton was dominated by polychaete and bivalve larvae. Mean holozooplankton abundance and biomass ranged from 1110 to 3380 ind. m , respectively (Table I) . The community was dominated by copepods in terms of abundance and biomass in all surveys. The Arctic guild of copepods dominated in all sampling regions across all field seasons. Pseudocalanus species were found across the shelf, with highest abundances observed at inshore stations in all surveys ( Fig. 2A) . Oithona similis was distributed across the shelf, with no immediately apparent spatial pattern (Fig. 2B) . Triconia borealis and M. pygmaeus were both largely absent from stations influenced by warm ACW (Fig. 2C, D) . Metridia longa was largely absent in warmer waters influenced by ACW and reached highest abundances at offshore stations past the shelfbreak (Fig. 2E ). Calanus hyperboreus, considered an oceanic species, was present in moderate numbers on the shelf in all years, indicating some degree of shelf-slope exchange (Fig. 2F) . Calanus glacialis was present across the shelf in all years, with no obvious spatial pattern (Fig. 2G) .
The zooplankton community was decidedly Arctic in faunal character; however, several expatriate taxa were observed in low numbers. Two notable expatriate euphausiids were encountered in the study region; one individual of the Atlantic-affinity Meganyctiphanes norvegica was observed at an offshore station in 2012 captured in a mid-water trawl and one individual of the Pacific-affinity Thysanoessa spinifera was observed at an inshore station in 2013. Juvenile euphausiid distribution was patchy and abundances were generally low; juvenile stages were encountered most frequently in the western Beaufort. We also observed several Pacific expatriate copepod species in the study region; namely Neocalanus cristatus, Eucalanus bungii, and Metridia pacifica. Neocalanus flemingeri and Neocalanus plumchrus were observed at only a few stations across all survey years. Pacific taxa were observed in highest abundances at the western Beaufort stations, but were encountered as far east as the Mackenzie River.
Community structure and relation to hydrography
Seven major faunal groupings were identified by cluster analysis. These faunal groups represent the expected onshore-offshore transition from neritic to oceanic  communities, as well as the influence of localized hydrographic features: Shelf, Slope, Mackenzie, Coastal, Strong ACW, Weak ACW and Shelfbreak (Fig. 3) . The contiguous spatial distribution of faunal groupings and nMDS (2D stress: 0.21; 3D stress: 0.15) support the community structure identified in the cluster analysis. All faunal groups were dominated by copepods, accounting for 47-99% of zooplankton abundance and 40-77% of biomass in the identified faunal groups. Calanus species exhibited the highest mean abundances in the Shelf group, while M. longa, M. pygmaeus, and T. borealis exhibited highest mean abundances in the Slope group. Pseudocalanus spp. reached highest mean abundances in the Coastal group (Table II) . Cnidarians and chaetognaths were the dominant predators in all faunal groups (Fig. 4) . Indicator taxa were identified for six of the seven faunal groupings (Table III) . The Shelf group consisted of stations from all five field seasons. Stations within the Shelf group were dominated by the PML water type. Oithona similis and Pseudocalanus spp. dominated copepod abundance, while C. glacialis and C. hyperboreus dominated biomass (Fig. 5) . The larvacean Oikopleura vanhoeffeni was identified as the top indicator for the Shelf group (IndVal: 0.56) and reached highest abundances on the shelf (Fig. 6A) . The Slope group consisted of stations from 2012, 2013, and 2014 influenced by both the PML and AHW. In addition to the ubiquitous Pseudocalanus spp. and O. similis, these stations were also characterized by oceanic taxa, including the ostracod Boroecia maxima (IndVal: 0.76) (Fig. 6B) , the predatory chaetognath Eukrohnia hamata, and the copepods Chiridius obtusifrons, Scaphocalanus magnus, Spinocalanus spp., and Scolecithricella minor. These taxa were rarely found at stations outside of the Slope group. The Mackenzie group consisted of stations in 2013 near the Mackenzie River mouth that were highly influenced by the buoyant freshwater lens overlaying the PML observed during the survey. These stations had high abundances of euryhaline brackish-water copepods (Fig. 5), including Eurytemora spp. (IndVal: 0.91) (Fig. 6C) and Limnocalanus macrurus. These stations were also characterized by the cladocerans Evadne nordmanni and Podon leuckartii, and rotifers, largely of the genus Synchaeta. The Coastal group consisted of four stations from 2014. These stations were nearly entirely composed of copepods numerically, and had significant contributions from predatory cnidarians in terms of biomass (Fig. 4) . Within the copepods, these stations had the highest proportion of Pseudocalanus spp. relative to other groups (Fig. 5) . The harpacticoid copepod Microsetella norvegica was identified as the top indicator for the Coastal group (IndVal: 0.54) (Fig. 6D) .
The Strong ACW and Weak ACW were both composed of stations from 2011. The Strong ACW group also included inshore stations from 2012. The majority of stations in these groups were influenced by warm (2.6-4.3°C) ACW. These groups were characterized by high abundances of larvaceans (Fig. 2) . Fritillaria borealis was the top indicator for the Strong ACW group (IndVal: 0.76) and reached highest abundances in the warm waters influenced by ACW (Fig. 6E) . No significant indicators were identified for the Weak ACW group, however this group exhibited a relatively high proportion of larvaceans and low proportion of key copepod taxa when compared to other groups (Fig. 4) . Finally, the Shelfbreak consisted of stations from 2011 along the western Beaufort shelfbreak. These stations had a mixture of the neritic and oceanic taxa mentioned above, reflecting the layering of PML and AHW. 

Notably, these stations also had the highest abundances of Pacific expatriate copepods, including the indicator species M. pacifica (IndVal: 0.26) (Fig. 6F) , and juvenile euphausiid stages.
Zooplankton community structure was correlated with temperature and salinity averaged over the upper 200 m (Spearman correlation (ρ) = 0.52, P < 0.01). The addition of station depth to the model did not improve the relationship, nor did the use of different layers of the water column (Table IV) . Individual analyses of 2010, 2012, 2013 and 2014 datasets show that the addition of chlorophyll-a, macronutrients and fluorescence does not improve BEST models, suggesting the absence of such data for 2011 was inconsequential. Community structure determined from biomass was very similar to that observed according to abundance, despite the fact that these metrics emphasize a different suite of species. The seven faunal groups identified above were largely conserved, although a small number of stations were shuffled between groups. The combination of temperature and salinity averaged over the upper 200 m of the water column was the best explanatory variable for the observed community structure according to biomass (ρ = 0.50, P < 0.01). Once again, the use of station depth and different depth layers did not improve the relationship.
D I S C U S S I O N Community structure
We observed seven faunal groupings that were linked to the dominant water types in the region. Often, several water types were present at one station; therefore, zooplankton composition reflected this integration across water types, with overall faunal character representing the most dominant water type at the station. The relationship between zooplankton communities and hydrography has been documented in the Chukchi Sea Questel et al., 2013;  Ershova et al., 2015a), the Canadian Beaufort (Walkusz et al., 2010) , the Canada Basin , and now in the Alaskan Beaufort. Our surveys highlight the heterogeneity of the Beaufort Sea; strong faunal differences exist between the western and eastern sectors. The western sector, being more influenced by Pacific-origin waters flowing in from the Chukchi Sea, represented a transitional zone between the Pacific-affinity Chukchi Sea and the Arctic-affinity Beaufort Sea. In contrast, the central and eastern Beaufort were more traditionally Arctic in faunal character, with the influence of the Chukchi Sea and Pacificderived waters increasingly weakened towards the Mackenzie River. The eastern Beaufort near the Mackenzie River is generally more estuarine than the rest of the Alaskan Beaufort, although conditions at specific locations vary from year to year depending on the extent of the river plume, as observed in the 2013 and 2014 surveys. These gradual along-shelf gradients intersect with a strong across-shelf transition from neritic shelf communities to oceanic slope communities. Shelf communities are numerically dominated by Pseudocalanus spp. and O. similis. These species are also present in the surface waters of slope stations, but the slope community is typified by the presence of oceanic taxa, such as B. maxima, C. hyperboreus, S. minor, and Paraeuchaeta glacialis, that are associated with the presence of AHW (Smoot and Hopcroft, data unpublished). These across-shelf transitions from neritic to more oceanic taxa have long been recognized in the Arctic (Grainger, 1965; Darnis et al., 2008) . The region around the Mackenzie River represents an extreme example of across-shelf gradients, where during 2013 we observed community structure associated with location relative to the shelfbreak and the degree of freshwater influence, with a distinct "plume" assemblage, characterized by euryhaline copepods such as Eurytemora spp. These ecological zones associated with intensity of the Mackenzie River plume, showing an "intense plume" assemblage, a "diffuse plume" assemblage, and an "offshore" assemblage have been noted previously (Walkusz et al., 2010) .
Our survey design was able to provide a spatially comprehensive examination of zooplankton communities of the Alaskan Beaufort Sea; however this spatial coverage comes at the expense of the ability to quantify inter-annual variability in the community, because very few locations were sampled repeatedly. Our multivariate analyses indicate that, while there is likely an element of inter-annual variability in our data set, hydrographic conditions play a considerable role in structuring epipelagic zooplankton communities. This interpretation is reinforced by the clustering of major groups associated with water type, rather than separating by survey year, for both analyses using abundance and biomass.
Regional context and future outlook
Our results indicate that zooplankton abundance and biomass in the Beaufort Sea can rival that reported in the Chukchi Questel et al., 2013; Ershova et al., 2015a) , and that species richness in the epipelagic realm of the Beaufort Sea exceeds that observed in the shallow Chukchi Sea, due to the inclusion of Arctic basin species. Our results are consistent with species inventories from the epipelagic realm in the Canada Basin Hunt et al., 2014) , although we report higher abundances of neritic taxa, as would be expected given our shelf emphasis. High abundances of euryhaline taxa in the vicinity of the Mackenzie River are consistent with influence of other major river systems in the Arctic (Abramova and Tuschling, 2005; Walkusz et al., 2010) . The influence of Pacific-origin waters is revealed by the presence of subarctic copepods, which occur in the highest numbers in the western Beaufort but reach as far as the Mackenzie River. Presence of Pacific expatriates generally followed the described path of the BSJ (e.g. Nikolopoulos et al., 2009) , with the exception of the 2011 and 2013 survey years, when Pacific taxa were also found at some stations on the shelf. Upwelling favorable winds (e.g. Pickart et al., 2013) occurred during the survey periods in these years, suggesting that these taxa were advected onto the shelf. The penetration of Pacific expatriate taxa into the Beaufort Sea has been previously recorded by Johnson (1956) and across the Chukchi Plateau and into Central Basin (Nelson et al., 2009 Hopcroft et al., 2005; Kosobokova and Hopcroft, 2010) , reflecting the penetration of these taxa well into the Arctic Ocean proper. Recent work points to an increase in Pacific taxa in the northern region of the Chukchi Sea (Ershova et al., 2015b) . Our work thus provides an important reference point for future studies examining the fate of Pacific expatriates in the Arctic.
It is notable that the species composition of the major species of the Beaufort Sea mesozooplankton community appears to have remained relatively stable over the past decades; historical studies (e.g. Johnson, 1956; Grainger, 1965; McConnell, 1977; Hopky et al., 1994a,b,c) show a clear dominance of the key guild of Arctic copepods reported in this study, as do other contemporary studies (e.g. Lane et al., 2008) . Our results, as well as others in the western Arctic (Ashjian et al., 2003; Hopcroft et al., 2005; Lane et al., 2008; Kosobokova and Hopcroft, 2010; Ershova et al., 2015b) , suggest increased zooplankton standing stock in today's Arctic when compared to early work, although we note there is quite a large range in abundances. Other caveats include methodological differences that may have resulted in an underestimate of historical abundance and biomass (see Ashjian et al., 2003) . Nonetheless, available data point to an upward trend in abundances of several key copepod species in the Beaufort Sea region. Concomitant with this apparent increase, the Arctic has undergone rapid declines in sea ice extent and thickness (Comiso, 2002; Serreze et al., 2007; Kwok and Rothrock, 2009 ). Loss of sea ice increases the area of open water available for phytoplankton production (e.g. Arrigo et al., 2008) , thereby increasing resources available to herbivorous copepod grazers that dominate the Beaufort Sea ecosystem, and potentially accelerating life cycles (e.g. Ringuette et al., 2002) . Increased resource availability could result in increased zooplankton abundance. Average abundances of the key herbivore C. glacialis and the small-bodied omnivores O. similis and M. pygmaeus seem to have increased over the past decades in the Beaufort Sea region; however, additional data are needed to rigorously assess this trend.
The key Arctic Calanus species undergo extensive seasonal vertical migration; the timing of this seasonal migration, diapause, and reproduction are tightly coupled to the timing of the spring/summer phytoplankton bloom and can vary across the Arctic (Daase et al., 2013) . While the current and near-future climate environment may favor a prolonged bloom that Calanus spp. will still be able to exploit (e.g. Lavoie et al., 2010) , shifts in bloom phenology could result in a mismatch between the timing of Calanus spp. reproduction and the highly-pulsed food environment that these Arctic copepods are physiologically fine-tuned to exploit (e.g. Søreide et al., 2010; Leu et al., 2011) . This could result in a future Arctic that is more favorable to small-bodied copepod species (e.g. Pseudocalanus spp. and O. similis) (Daufresne et al., 2009) or subarctic species (Falk-Petersen et al., 2006) . Such shifts would likely be of profound impact to Arctic food webs and energy flow (e.g. Falardeau et al., 2014) .
In addition to large-scale changes in sea ice extent and phenology, more localized impacts of climate change may impact Beaufort Sea zooplankton communities on seasonal and annual time scales. Changes in relative influence of different water masses on the Beaufort shelf have the potential to actuate changes in Indicates best variable combination explaining observed zooplankton community structure.
zooplankton community structure and magnitude; more frequent upwelling events (e.g. Pickart et al., 2013) could bring the large-bodied and lipid-rich copepod C. hyperboreus onto the shelf more often or in higher abundances, providing high-quality food for upper trophic levels utilizing the shelf environment. Upwelling events can also bring AHW that is under-saturated with respect to aragonite from the slope onto the shelf (Mathis et al., 2012) , resulting in unfavorable conditions for marine calcifiers, such as the pteropod Limacina helicina. Conversely, increased freshwater input from river systems along the coast (e.g. Nijssen et al., 2001; Nohara et al., 2006) may create conditions more beneficial to neritic and euryhaline taxa, which are typically a less energy-dense food source than lipid-rich Calanus species of the shelf and slope.
C O N C L U S I O N
Continued efforts to survey Beaufort Sea zooplankton communities as the region undergoes environmental change will be critical in efforts to quantify community shifts and inform process-based studies of the region. Efforts to quantify change associated with a warmer climate (i.e. Intergovernmental Panel on Climate Change (IPCC)) or anthropogenic activities must necessarily consider the natural variability of the biological system of the Beaufort Sea; therefore, future efforts to quantify inter-annual variability and seasonal progression in zooplankton communities of the Beaufort Sea would be particularly valuable. The interplay between climate change and zooplankton communities is complex and likely species-specific; therefore, robust datasets (i.e. seasonal and annual observations with species-level resolution) are needed to assess any future change. This work describes broadscale gradients across and along the Beaufort shelf, highlights faunal associations driven by hydrographic characteristics, and provides a spatially comprehensive modern characterization of epipelagic zooplankton communities in the Alaskan Beaufort Sea that should be useful to assess future change. The tight coupling between the physical environment, particularly temperature and salinity, suggests that future changes in hydrography will be accompanied by shifts in the distribution, abundance, and biomass of Beaufort Sea zooplankton communities.
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